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Q.IMATIC RECONSTRUCTI~ - A 
SYNOPSIS OF METHODS AND DATA 

by 

N. A. Frazfer 

INTRODUCTION 

,-The Advanced Research Projects Agency's Nl~E BWUf project Is expected 

to provide Ca'llputer capability required to Improve ~p_u!er .rodel:; of world 

climate. As a complementary effort to NILE BLUE, ARPA Initiated a short study 

whose purpose was to review existing deta on and methods of determining cllmetes 

wh I ch occurred I ess than about 1.5, 000 years B. P. Th I s report presents a s Ullll'la ry 

of the results from that study•. 

APP~ACH 

Date on past climates are an essential part of climatic prediction 

for ver Tty I ng 111e resu Its f ra~~ computer mode Is es we I I as be I _ng usefu I for 

spec I fy I ng boundary con d I t I on s • As oomp ute r mode I s beC011'18 rore soph I s t I ca ted, 

testing of models over a range of climates Is desirable. Several questions 

then erlse Including: 

• At what times within the "reasoneble" past did extr811es 
In cllmete occur? 

• Can one or more of these extremes be reconstructed In 
a sufficiently quantitative menner (cllmetlc elements 
versus time versus area) to be useful to computer 
models of climate? 

• What Is meant by "sufficiently", I.e., In explicit 
terMs what Is needed for the models? 

• Should attempts be made to reconstruct climates or 
establish climatic baselines before t~e advent of 
re latively recent weather records? _, 

.. . . ~. ~ 

•A detailed verbal report with extensive graphic and tabular materials has 
been given to m'A representatives. The decision at that meeting was to 
prepare this brief written su~ry of results. 



2 

Guided by these end other questions, ~rk on past climates was 

sampled. Approxl~tely 500 abstracts and 300 papers ~re assembled and ~ke up 

the maTn lnto~etlon base for the study. A IT~Ited number of reports, reprlnts. 

end telephone contacts were other sources of lnfo~etlon used. Although this 

SM!ple constitutes only a SIMI I fr~ctton of total literature available, the 

Information bese was selected during the screening ~f several thousand titles, 

cited references, and abstracts. Accordingly, the sample Is believed to be 

representative of the types of Information evalleble, particularly with regerd 

to the more quantitative date on pest climates vis-~-vis NILE SLUE objectives. 

Corollary subJects of climatic theories, Investigations on cause-effect 

relations of climatic changes, certain aspects of continental drift and sea 

floor spreading, cyclic or pseudo-cyclic characters of climate, ~d cllm8tlc 

models, etc •• were considered outside the scope of the study although some 

lltereture on these subjects was revlewe~. \ 

. ' 
TERMINOLOGY 

~ast climates end cl lmetlc changes can be cetegorlzed In several ways. 
(I)* 

Critchfield used the following scheme: 

(I) Historic time, Including period of records 

C2) Geochronology - several thousands of years In 
the pest 

(})Paleoclimates- ~lllfons of years In the pest. 

For purposes here, the followlng terms end definitions apply: 

<I) Cl IMtes of record (or recorded climates) - cllmetlc 
data derived from weather records or other Instrumentally 
acquired measurements 

<2) Historical cl !mates- cllm8tlc data deduced . f~ 
men's writings on his activities end observations 
of events end phenomena (generally without the aid 
of I ns trume nts) 

(})Paleoclimates- climatic data on the seologlc past 
Indirectly derived fnom study and measurements of 
sediments, landforms, foss! Is, etc. 

*References ere given at the end of the report. 
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Evident In these terms, collectively, is a gross chronology •lth respective 

~thods of Investigation somewhat unique to each time period represented • 

. Some overlap occurs because the deflnltlons Involve methods as well as gross 

tlme periods. 

DESCRIPTION OF RESULTS 

Characterizatfon of Information on Past Climates 

The lnfonaetlon base was assembled In a series of Iterative steps, 

each iteration guiding the ne~t collection effort. Literature collected In 

each step was reviewed and then selectively synthesized Into working sheets 

showing the Investigator (first author), Institution, key descriptors, time 

frame of date, area of work and methods/techniques. The working sheets 

resulting from the first two Iterations end syntheses have been combined and 

g.lven es Table ~-1 (see Appendl~)•. 

Selected entries In T~ble A-1 were further reduced and rearranged 

1o prepare Table A-2 (see Append!~)*, •hlch grossly cheracterlzes the areal 
distribution of sampled Information on pest climates. 

Paleoclimatology 

The nuMber of sciences, disciplines, approaches, methods, etc., 

that are used In paleoclimatology Is large. Any discussion of the subject 

will contain errors of omission or commission, dependent upon the eyes of the 

beholder. With no Intent of either error, the folla.lng list Is exemplary 

of subjects making up peleocllmetology. 

Cultures/Archeology 10, 12, 54, 72** 

Palynology 12, 40, 44, 54, 75, 84 

Paleontology 14, 25, 26, 41, 56, 61, 64, 65, 69 · 

Dendroclimatology I, 23, 45, 77 

*Reference numbers In Table ~-1 are the same as those In Table A-2. These numbers 
refer to bibliographic entries In the total Information base and Dre not to be 
confused •lth the references cited 'In this report. 

••Numbers refer to literature examples cited In the references at the end of 
thIs report, 
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Dendrochronology 42, 50 

. Glaciology Jl-13, 39-41, 43, 44, 46, 54, 62, 77 

Geornorpho I ogy 8, 9, 13, :59, 40, 75 

16ot'6o 

•thod 35, 66, 7 I 

of speleothems 34, 46 

of sulphetes 73 

of foraminiferal tests, etc., 20, 24,27-29,31,33, 49, 52, 61, 64,76 

of Ice cores, snow/flrn 19-21, 36, 37, 47, 51 
Amino acids 4, 5, 86 

Insects 14 

Sedimentation rates 4, 25, 31, 34, 41, 53, 65 

Varves/varve chronology 3, 80, 83 

Magnetic stratigraphy/chronology 15, 26, 53, 71 

Isotope dating (particularly Cl4) 8-10, 48, 56, 72, 74, 87 

loa flow models for dating Ice cores 19, 21, 37 

Dendrochronological "ca I lb_retfon" of Cl4 dating 7, 18, 60, 8t, 82, 85 

Sea levels 8, 39, 40, 54, 68, 79 

Sediments 43, 44, 65, 75 

A5tronamlcal (solar Insolation) 8, 27, 28, 41 

Generally speaking, the previous list Is a mix of (J) methods for 

determining Indicators of a paleocllmetlc stete or condition and (2) methods for 

detenmlnlng the age or date (relative or absolute) of the Indicators. 

Exemp les of IndIcators ere tree-rl ng f nd J oes, a p !ant conmun I ty 

reconstructed frOM pollen spectra, assemblage of fossl I shel Is (thanatocoenoses), 

coiling direction of foraminiferal spicas, 18ot 16o of foraminiferal tests 

or Ice core sample, red-bed sediments, glacial moraines, pluvlals and strandlines, 

timber lines, etc. In Table I the previous I !sting has been rearranged to roughly 

demonstrate an array of types of paleoclimatic Indicators versus the methods used 
for dating those Indi cators. By adapting, In one fonm or another, principles 

of unffo~ttarlantsm In combination with knowledge of relations among the 

Indicators and modern climate, significant progress has been made In the 

study of pa leocllmates. Truly remark8b I e r s the extent of agreement MOng the 

various Indicators of climate at global and relatively gross chronological scales • 
• 



TABlE 1. EXAWlES OF PAL£0CUMAT1C IriOlCATORS VERSUS DATING/AGE METlfOOS (RElATIVE OR A8SOLI1TE) 

Method for Dett"''"'"J Ate/Dite (Relative, ~erethe. 
or Absolute of Paleoel1,.t1c Data 

Typts of Paleo- Isotope v.,..,. Olndrv- HlotlSO Ice Flow Sedt~~tntatton Strattg- Altino Astrono- Ar-(;heo- "'gnettc 
c11mattc Indicators (Mafnly C14) Chrono 1 o;y dl rono \.01)' Y•rhtfons Modell Ratts raptly Actds 1111 cal logical Stratfgraptur 

Pt111'01ott cal/ 
loti111CI1 I I I I 

Pa1tontologtca1 X X X I I X 
Oendr-oc11~to1!11ca1 I I 

o611cfo1 !!!11 c11 I X I 

Geororpho1ogt cal X X l 

Ami no Act ds ~ Sl'le l1 s} •• X X VI 

, Bot16o 
Fossil Shells J( X 

J I 
I X X 
I I I I 

I 
Stclt•nU X I I I X I 
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Howver, the I nterpretatlons of and deductions from I nd lcators of paleoclimates 

are not without the usual pitfalls that accompany drawing of conclusions from 

Indirect evidence. Beaty(fi) has most recent_fy called attention to this point. 

More definitive criteria then Indicators and dates for appraising 

the status of paleoclimatology within the perspective of NILE BLUE are necessary. 

The criteria, gl"ven be low, used In this study are concerned with the quantitative 

capab I II ty of pa I eoc II mat 1 c methods to per fonn one or more of the to I I ow I ng 

functions: 

(f) Determine the value of a climatic element 

(2) Meet requirements of computer models for density 
and distribution of data on paleoclimates 

(J) Oetenmtne the time Interval represented by (I) 

(4) Determine time Interval between values of (I) 

(5) Position (J) within a chronological Coptlmolly 
en absolute) time scale 

(6) Oetennlne or specify a geographical area or 
location [represented by (I)] 

(7) Apply standards to measurement methods Cor be 
able to convert or relate data acquired by 
different methods) 

(8) Assess errors, precision, uncertainties, 
nccuracles and, In general, the validity of 
data. 

A synopsis of the status of paleoclimatology with respect to these criteria Is 

shown In Table 2. 

The oxygen Isotope method05•66• 711 c18o/ 16o> as e means for anplrlcally 

detenmlnlng paleotemperatures from foraminiferal tests In deep-sea oores( 28•31 , 34) 

Is In scientific llmbo<20,24•33•49•61 •64•71 •78>. Variations In oxygen-18 content 

are at present viewed as Indicators of wermer/cooler cllmetlc changes whether 
from speleothems( 48>, Ice coresCI9- 21 •37•47•51 >, or foraminifera. 

The capabll lty for time resolution In variations of oxygen-IS content 

on younger SM4>Ies from Ice cores m~:~y be able to metcl'l computer model needs. 
The probl8flls of convert! ng these variations to tanperature values ~ ld s'tlll 

remain. Also, geographical coverage would be limited to areas now covered by 

lea sheets. 

Paleontologlcel Indicators of temperature, e.g., col ling direction and 

species counts, abundance, and ratios of for~mlnlfera. Involve questions of 

species tolerances and preferences of water tanpereture, salinity, end density. 

These Indicators have been qulte useful for studies of climatic warming and 



(1) 

(2) 

U) 

(4} 

Crfttrfa 

Value of c11•t1e eleeent 

Density end dfstrif>utfon 
of data 

n. interval represented 
by values of clfNtic 
elew.nts 

T1• tntenal between 
values of clf .. t1c 
elentents 

TABlE 2. SYftOPSlS OF PAL£0Q.JMATOlOGY WITH RESPECT TO SELECTED E.VAI..UATIVE CRITERIA 

Shtus of Paleocl hutology 

Generally quali t ative, 1.e., tei"'!!S 
suet\ as colder, war'l!er, drye·r, 
wetter, ll)rt arid, etc., preva.lent. 
Transitions from qualttat1ve to 
quantitative involve uncertafntfes, 
scientific disagree~nts, and give 
results with large tolerances at 
p~sent. Precise co~ar1son of 
values dfff1cu1t because ft 
involves dry land, cave, ocean, 
and atmospheric condftfons, 
teq~eratures. envt ronments. etc. 

Spane w1thin usual fraa of refer. 
ence. Areas of cont1nent•1 
ghc1at1on J'!htfvely well studied 
coq;~ared to other areas. Consi de.-.. 
tble work on JIOuntafn glactat1on, 
near-s urf.aee •teJ!Perature:" of 
oceans, etc. In general , ve~ 

· coarse coverage, of continents, 
some major 1s1ands, and spotted 
oceant c · areas . 

Can renge fro. near annual (t~ 
r1ngs1 varves, variations of · 
lBotl~:>o in xounger parts of ice 
col'\ls) through lOO 's fnto 1000's 
of years dependent upon saa~ple 
tli1ckness and udi~~entatfon rttts 
or bogs, 111rt ne sedflltnt$, etc. 
In general, tflllt intervals very 
long conpared to 5·, 10-, 20-, 
or even 50-yur intervals of 
interest fn c11Nte ,pre<lfction. 

Can range fro• near annu.l to on 
tht of'der of 10,000 years . 

Cr1ter1a 

(5) Chronology and tf• scale 
for values of clfmatfe 
ele~~ents 

(6) 6to9raph1cal area or 
location represented by 
value of cl1mat1e element 

(7) St~ndards tn .easure.entt 

(8) Errors, prec1a1on, 
accuracies. etc. 

St~tus of PaleoclfMatology 

Depends on ~thod. Stat1st1ca1 
uncertainties fn CU ages 
often range up t~ !1000 jeers 
w1 th !1 00 to 200 years COII!IOft. 
Oendrochronologfeal dates ~ 
be good to !5 yean. Oendro• 
chronological calibration of 
C14 values li~tted by 
stattstfcal uncertafntfet of 
C14 data. C14 dates ~ 
correspond to ~re than one 
calendar date beca.use of 
var1at1ons fn C14 content. of 
atiiiOsphere versus t1•. 

D1·fffcul t to assess. Because of 
general agreelll!nt am:Jng "pal eo
c111111t1c II'Odeh" over the 
entfre globe , ft can bt con-

. eluded geographic area npre
U11ttd by values is basically 
global fn extent or ctrtafnly 
very large fn ttMIIS of .square 
lrlles. Presu~~ably, tht very 
long salq)le-thne il'ltervals in 
combination wfth paleoclt .. tfe 
tnethods ~~~ask tht tll)rt 1 oa 1 
verfatfons an<f tl\ancter of 
clfm~t•s. 

Standards and llltasul":eellents not 
the 11•ittng factor at p~sent 
~ a ~ computer models 

Jnstru1111ntal prtch f on and 
measurtt:~ent statfstics known 

· tn SON detail. Aecurad., of 
ages ll'ld clfmth: elemenu 
dtfftcult to assess. Sources 
or error nave bten fnvestf· 
gated. 
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I
. (25 ,26,61 ,64) 

coo 109 • Pa I yno I og I ca I methods for date nn I n I ng te,..,er e tu re ere 
subject to similar uncertainties. 

The degree of racemization of emlno acids In shel Is from see end 

lake cores 85 a method for determining temperature Is In very early research 
(5) 

stages • As a mee ns for dete nn I n I n g age, the method requ I res that pe I eo-
(4) te,..,eratures be kne'-~n or 8ssuned • Date on tote I em I no eel ds In seeds f ra11 

lake sed I man ts have been presented I n much the sana way es po I I en spectra ( 86) • 

Statistically derived models for reconstructing paleoclimate fra11 

tree rlngs(4S) ere In an early stage of development and evaluation. The method 

Is of great Interest In that the cl lmete reconstructed from tree-ring widths can 

be dated by dendrochronological methods. Application of the method could be 

limited to eraes with trees whose growth rings meet certain requirements. 

Chrono log Ice II y. the method wou I d be I I rn 1 ted to pest c II metes whose tIme pert od 

Is equal to or less than the age of trees that meet these requirements. · 

Chronology of peleocllmates poses e problem In time resolution. As 

8 rough estimate absol uta age determl nations by Cl4 methods wl th dendrochronologl ca I 

calibration Is probably between one end two orders of magnitude too gross 1~ 

something rep resenting 5-, 10-,· or 20-yeer cllmetlc means Is needed. An exception 
to this Is the chronology of dendroclimatic date. 

Relative ages or, more precisely, differences In ages of samples fnom 

within a single deep-sea core, stratigraphic section, or bog, can be computed 

If sedimentation rates era known. Computation of the rates are, however, 

generaflty based on time Intervals whose end ages ere ccmnonly dated by Cl4 or 

other Isotope methods. Correlation of resultant climatic Interpretations 

between widely separated areas could then present probl~s unique to "curve 

matching" because of the relatively coerse time resolution cepablllty. 

The general uti llty to NILE BLUE of current date on peleocllmetlc 

elements would seem to be ~~arglna I. The prevalent cherecterlstl cs of these 

data (e.g •• qualftetlve descriptions end models of ~ermer/oooler or wetter/ 

dryer) and the relatively gross resolution In the time scale (e.g.~ lengths of 

time such es hundreds to thousands of years represented within and bet~een 

sal\1) I es > wou I d not seem to be oornnensu rate w I th obJect I ve 5 of 5- to 20-yee r 

predictions of future climates, assuming adequate models and computer capabl llty. 

~ta ere eve! lable on pest see levels, estimates of thickness of continental 

glaciers end other topics thet would be of value to computer models. final 

assessment of the utility of paleoclimatic deta requires more precise delineation 
of NILE BLUE needs. 
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Historical Climatology 

Methodologically, historical cll~tology was considered here as e 

study of c II mates that occurred between o I der pa I eoc II mates and recent c I I mates 

of Instrumental record. This Is, of course, an oversimplification because the 

climate of 800 B.P., for example, can be studied by methods of historical as 

wei I as paleoclimatology. Similarly, there Is a tl•e-scale overlap between the 

methods of cllmete of record and of historical climatology (e.g., the so-celled 

Little Ice Age circa 400-100 B.P.} particularly before widespread use of 

II'Steoro loglce I Instruments. For examp Ia, using regression equations based on 

data of record, lamb, et al. <58>, estimated 50-year averages <or greater) of 

rainfall In England and Wales back to 900 A.D., with some adjustments to fit 

botanical Indicators. All of this serves to complicate the process of selecting 

the end dates of the climatic basellne(s) to be established. 

In format I on on hi storl ca I cllmato logy would probeb ly be the MOSt 

I abort ous to co II ect. h••d I eta I y opened wou I d be a Pandora's be»t of o I d 

newspapers, chronicles, personal diaries end Journals, shfps' logs, etc., a_ll 

of which could contain lnfonmaTfon on wind direction, snow depth, appearance of 

first Ice, date of first snowfal I, clouds, floods, and on through the entire 

gemut of man 1s Impressions and observations of weather phenomena. Scanning of 

references In ludlu.'s book( 631 II lustrates this point quite vividly. Also 

Involved would be phenological observations (e.g., Arakawa In Table A-1) froM 

man's Interest and activities In agriculture and horticulture. Archeological 
Information Is another Important pert In studies of historical cllmetology<I0, 72>. 

Climate of Record 

The fete 16th through the 17th century merks 
. (17 57) barometers, rain gauges, and thennometers ' • The 

barometer/~ennometer at Harvllrd College Is 1728(6l). 

the I ntroductl on of 

date of the first known 
Lamb (57 ) has sutw~ar I zed 

the difficulties of using old records taken before about 1860 and calls attention 

to the large efforts required to convert these early data Into homogeneous 

records. Implicit In ludlum's( 63) synthesis of Information on American winters 

1604-1820, e fantllstlcal ly Interesting book, Is the laborious effort thllt wlls 

required to collect and use old records. Table A-1 oontlllns sources of data fnom 
• 

eorly records noted In this survey. Generally, any detes after &bout 1700 given 
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In Table A-2, en area summary of Table A-1, refer to Instrumental records. No 

concerted effort was given to listing data for the 20th century. Q>llectlon and 
(59) (57) review of Just the sources represented In the works of Landsberg , lamb , 

(6)) (67) . 
ludl~ , and/or Mitchel I were soon discovered to be hopeless tasks within 
this study. 

If, for purposes of NILE BlUE, the decision Is made to establish e 

cl lmetlc basellne(s) using records, several Issues need to be decided. These 

decisions ere not strelghtforward because they Involve optimization end tradeoffs 

among factors such as ereel coverage (density end distribution of data), problems 

of continuity and homogeneity of date, time Interval (e.g., 5, 10, or 20 years), 

time datums (e.g., 1780-1600, 1860-1870), end amplitudes and rates of climatic 

changes of most Interest. People, such as Landsberg, Mitchel 1, end Lamb may 
be able to provide answers on the basis of their work. Otherwise, a considerable 

collection effort could be Involved. In that event a computerized data base, 

cepable of search and retrieval, for example, In Boolean combinations of the 

above factors as date fields would be highly desirable If not a necessity. 

leek of abl llty to ~anlpulate these date fields was e maJor drawback fn this 

survey because of the bulk of Information and the number of possible data field 

cart~ I nations. If esteb II shed, the data base oou I d then be00111e the source of 

data to be reduced to climatic baselines. 

DISCUSSION OF RESULTS 

Vest amounts of lnfonmatlon are available on past climates In myriad 

sources. Cbnc I us Ions con earnIng the ut fl I ty of that In format! on to NILE BLUE 

c8nnot be drawn untl I the model end computer capability of NILE BLUE ere 

transferred Into a list of specific needs for data on pest climates. Some 

Interim Impressions can be formulated within what are probably reeson&ble 

premises: 

<I> ObJectives relate to 5-, 10-, 20-, or perhaps as much 
es 50-year climatic predictions for arees on the order 
of 20,000 square ml las or Jerger In geogr&phlcal extent 

(2) Computer capability to run global models to oover even 
the short time Intervals In (I) wl I I be marginal et 
best for the near future 



(}) Very stow evolution In the refinement of models to 
penftlt 5- to 20-yeer predictions of reasonable 
accuracy 

(4) Periods of cl lmatlc "extrenes" In Mlpl I tude end/or 
rapidity of change are of Interest; better then 
50-yeer resolution In time Interval for cliMatic 
baselines desired 

(5) Evolution In computer and computer model capability 
will require review. revision, end updating of lists 
of needs for data on pest cll~ates, I.e., any list 
will reflect Interim plateaus In capability and 
successive capability plateaus could cause changes 
In the utility of available lnfonmetton. ' 

Aveltable paleoclimatic data have served to define time periods of 
major pa leocl lmeflc extremes, but the lnterva Is of those periods are longer 

by I to 2 orders of magnitude than baseline Intervals desired. Data typically 

Indicate the direction or form of climatic change but not the scale of this 

change In the nonmal sense of climatic elements. Resolutions Interpretable 
In tenfts of more local clll'ftates are the exception rather then the rule. Dependent 

on one's vantage pol nt, the nature of pa leocllmete data 11m Its ~lr present 
appncabl I tty to c0111puter models. or flmltatlons of computers and models 

presently preclude widespread use of avallable paSeocllmatlc data. 

The status of historical cllmetologlcal lnfonmatton Is quite similar 

to that of paleoclimatology wfth the former having general superiority In time 

resolution and chronological accuracy by an order of magnitude. Uncertainties 

of converting Indicators of historical cllma~s to quantitative values ere 
perhaps the chief technical constraint on the utility of historical climatic 
Information relative to NILE BlUE. The Impression from this study Is that 

historical climates have not been studied In detail comparable to that of 

paleoclimatological studies. 
Homogeneity of data Is a problem for all cliMatic chronologies. tt Is 

perhaps ~ore apparent In climate of record, particularly early records, perhaps 

because the date are quantitative and differences among data sets are relatively 
more discernible. 

The labor Involved In synthesizing existing records lnto a cohesive and 

oonslstent set of date Is probably weJI reflected In some of the entries In 
Table A-1. Many authors who have worked with climate of record or historical 
cllmetology have limited their analyses to relatively short periods of time and 

limited arees geographically (on the basts of abstracts) In contrast to the 

hemispheric treatment over several decades. 
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As an exampre of the factors which complicate the use of relatively 

localized data analyses, rt Js p~bably natve to e~ect that the apparent 

, occurrence of sane cl tmatl c extreme In one region means that the g Iobel clImate 

reftected the same extreme. Brief reflection on present climate suggests that 
a period of anOfMious heat and drought tn one area, for ex11111ple, Is BCCOIIl>anled 

by anomelous cold or excess precipitation elsewhere. 

One problem Is common to all climatic eras, I.e., the amount of 

literature and data sources. The distinct Impression gained from this study 
Is that one of the major obstacles In the study of past climates <e.g., before 

1900) Is the lack of a comprehensive data/Information base whose data fletds 

(area, time frane, method, etc.) can be rapidly and logically manipulated and 

searched rn any of several needed combinations. If thls Impression Is correct, 
the utility of date on past climates, whatever It Might be, wll I not be 

realized by what amounts to laborious, but In reality piecemeal, collection 

efforts on the part of each person who sets out to study climate for a particular 

'area end ttme. Some of these data could be of Immediate value and others would 
be of marginal or no value to NILE BLUE efforts. However, their collection and 

study Is certainty relevant to~ much broader and equally Important soope of 

research on past climates than has been treated In this study. 

RECOMHDA TI OMS 

One deffnfte conclusion from this study cen be stated ln the form of 
a rec:oft'l'n9ndatlon to A~A, vf z., ARPA convene, or cause to be convened, a workshop 

on past climates. Invited participants, as few as possible, should represent 
investigators In each of the major methods used to generate data on past climates 

including dating and age determinations, and experts In meteorology/climatology, 

canputers~ and computer models. The chief question to be addressed by the 
participants should be: "Can a climatic baseline for some time Interval In the 
past be established and, If so, what should the end dates of that time Interval 
be?" from this question an agenda should be devel•d that will give rJse to 
exchange among participants on the subjects discussed In this report, particularly 

the criteria listed In Table I, the premises In the previous sectJon "Discusslon 

of Results". end varlous aspects of collecting information end an Information/data 
base. 



13 

Results to be expected from a workshop conference should be guidelines 

to ARPA for their decision whether to pursue climatic reconstruction for a 

certain period or periods 1n the past and designate possible research avenues, 

If any. 

This conference would also give leaders In the methods of research 

on past climates· an opportunity to hear what the leaders In computer models expect 
or need In the way of data. Conversely, the computer model people could hear 

what the researchers on pest climates fhlnk can be achieved In the way of data 
on climates versus method and chronology. 
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APPENDIX 

TABLES A·l AND A-2 



TABLE A-1. EXAMPLES OF INFORMATI"" 011 PAST CLIMATES (BY INVESTIGATOR) 

Reftl"'ence,IName Facility Des crt ptors TtN Fr .. A !"''a Technique/Baste Data 

1 Teq)traturt, c11•ttc 
fluctuations 

o-5000 a,p, . China Instr./h1story 

, Addteott, W. 0. u.s.G.s. Temperature trends/ Tertiary Marginal N.E. Molluscan fauna 
changes ·Paetf1c Ocean 

4 AHsov, B. P, P1oscow !Mh. s 1111111r tellpt N tu rt 1954-1965 A.D. Moscow environs lnur. 

7 Arakawa, H. Mit. Res. Inst., C111Mta ctlanges 7-20th century Japan Phenology/records 
Tollyo 

8 Anrillu, P. State Un1v. of Arid frontiers 5-15th centuey Mexico Agrt cultural/ 
fi.Y. archeology 

9 Aseev, A. A. lnst. of &eogr. , PaleoteftPtrature of 7 R.S.F.S.R., From shape of glacter 
U.S.S.R. ground/atr lt~Yer Yalda1 &lacier shield 

313 Ashbtl, D. HebrtW ~Mfv. Climate elements and 1925 and later Israel lnstr. 
floods 

10 -r. Y. Htls1nlt1 \Mh. CltJMtt vartattons Pltist ./pott· S .A./Patagon1a 1 > 
I 

P·letst. 

4A Balcer, D. '· Untv. of M1nn. itq)trature trends 1819·1958 ~.D. Minnesota Instr. 

375 8a!T1, R. &. Unh. of Colo. Lonq·te~ prectptta-
tton trends 

Records an4 
history 

·.Europe, 0111ha, 
Sydn~ 

Instr. /histoey 

17 Barusseau, J. P. France 7 Paleocl t•te Quatemary Gulf of Lton Sea cores/•1cro-
paleo. sed.t•ntl 

20 Bean, L. H. Ytrg1nh 7 R&fnfall 18_30·1961 A.D. Neb rash lnst·r. 

30 Blake, t. England CH•te · 7000-3000 I. C. Palestine Archeology /hii'Mn 
settle•nt 

379 Block, M. R. "'r," tnst. ror Eustat1 c sea-level 0-5000 B.P. Global ? H1storfcal 
r1d Res. changes 

32 Bofarskota, T. D. Moscow CHute Pt eistoctne E. and W. U.S.S.R. Vegetation 



TAIL£ A-1. ( Contfnued) 

Reference/Name Facf lit;)' Descrlpton T1• F,..... Area Tt<hnfque/Basfc Data 

381 Bollt, H. "· ? T..,erature Plfoetne and later Caribbean sta cort Isotopf e data/ 
foramfnf fera ? 

36 Bonattf, E. Inst. Mar. Sci.. Clflllltt 
Italy 

2000-26,000 B .P. S. Europt/Medit . Pollen, fauna, . 
C14 dating 

37 Borfsov, A·. A. U.S.S.R. Mlan annual te.pera- Paleozoic/ Polar/lllfd/south ? 
turt and prec1pfta· Cenozofc latitudes of 
t1on/cl1•te U.S.S.R. 

383 8or1sov, A. A. len1ngr. Unfv. Paleoc11•tes Cenozoic stressed U.S.S.R. ? 

384 Borisov, A. A. ltnfngr. Untv. T..,erature and 1700's to present Ltnfngrad lnstr./hfstor.r (I~ 
floodS 1nstr. back to 

1725 1n U.S.S.R.) 

39 Borfsov, A. A. U.S.S.R. Mean annual temperature; Various geol. U.S.S.R. 1 
rad1at1on, e1rc:ulat1on; periods 
cH1111te trends\ COz; 
c.loud cover > 

I 
3& Borisov, P. "· Inst. of &log., Reconstructed p&lto· Holocene, tt al • . Global 1 Paleogeographfc N 

U.S.S.R. clf .. tes (for IIW>dtl 
pr.ed1ctfon) 

40 Borns, H. w., .Jr. Ohio State Uft1v. t11•ttc changes 0·10,000 8.P. S.W. Yukon Can. 8lac1ology (s~ 
C14 dating) 

385 Bowen, R. N. c. Pittsburgh Un1v. T'et~~p~rature/cl fmatt Devonian to ? Isotope ratto 
Holocene 

386 Boyko, H. Isntl Clt.at1c features 2000 8.P. s.w. As1a L1t.erary IOURG 

42 Broecker, 11. s. Lllll)nt 6101. Obs. Chron.ology and cHute o-1so.ooo a.P. ? Isotope geochemfstr.r 

43 Broecker, 11. s. l111Dnt S.Ol. Obs. Insolttion, t.-perature, 
sea level 

o-1so,ooo a.r. Atlantic Oatan Astron. and 1sotope 
analysis 

6A Broecker, II. s. L.-ont Geot. Obs. Pluvial chronology Wfsconsfn/post 
Wiseoonsin 

Otegon and Utah C14 dating and gto· 
logical 

44 Brunk, r. N. u.s.v.a. CH111tie data 1830·1840 A.D. E.• Unfted States Instr. ? 



TABU A-1. (Continued) 

Reference/Nue Fac111~ Descl'ipto" T1• Fr- Area Techniques/B&Jic Data 

388 Bryson, R. A. Untv. of Wtsc. Cl1111ti c patterns ( fi'Gnts. At fntarva1s back tentral/Rorthem Biotic bollftder1n 
air -.Jtes, upper-air to 13,000 B.IJ. II, lnr1c& 
pattern) 

8A lrysoa, A. A. Utlh. of lt1sc. Climate pettems; C14 At intervals back Central/Northern Biotic bounda1'1111 
tsod\rones of to 13,000 8.P. N • .._r1ca glacfology, C14 
Laurentian tee Nti"Ht dating . 

46 8uchfnsk1i, 1. E. utr.S.R. Hydi"'OIIIt. 
Inst. 

T~eretuN, precipitation 0-150 yrs B.C. Ukraine, U.S.S.R. Instr. 

47 Buch1nsk1i, I. E. ut r. S • R. Hydf"CCIIIt. T~Nptrature, precipftat1on, ' Ukraine, U, S.S.R. Instr. (7) 
Inst. 10-. 20-, m-yr values 

390 Buchfnskfi, I. E. utr.S.R. Hydranet. 5·, 10-yr,IDntllly terlplra- 1921-1164 A.D. litw, Ukraine, Instr, 
Inst. ture and preci pi tatf on· U.S.S.R. 

4t Bu<b'tQ, Jt I. U.S.S.R., Mafn Climatic conditions/ Geologic put ' l 
Geoph •. Obi. dlanon 

51 811"'ko , M, I , U.S.S.R., Mafn 100-l'l' t.apentut"' ' l l > 
I 

Geoph. Obs. variations, solar VI 

radfat1 on 

Sl Bu<b'to, M. I. U.S.S.R., Main Nu.J"1 cal •del Var1 oilS geologic ' l 
Gloph. Obs. ages 

54 8u.ko, M. I. U.S.S.R., Main Climatic changes lectnt 1nd geologic l Sug~stfont on future 
Gloph. Obt. c illlllte 

5e BuhonJf, P. H. llethl rlands Cli .. tic and sea-level Quatamlf'1 Netherlands MarfM terracn, 
change LtiWard Is lands paleoecology, etc. 

62 Butzer, 11:. II, tMiv. of Wbc. Rainfall dtstr1bution 5000-2000 B.C. Sahan Ardleology 

6l Chebotarevo, II. S. u.s.s.llt.. Boundar, zones of lut 
glacieti Clfl 

P1e1stoCII'II U.S.S.R. 

392 Chtrnfakowa, A; p, U.S.S.R. Hydi"'OI, 
Service 

T....,.rature lgo()-1960 A.o. Black Sea Coast Instr. 

18 etta, "· a. Mtlln Unh. C11Mtic fluctuations V""UTII and later ? Ad1"1•ti c Sea Planktoq1c for.ms 
(••• cores) 



--------- --- .. - --~---· --------

TABLE A-1. (Continued) 

Reference/Name Fac111ey Descriptors T1• Fr1111e Area Ttdhnfque/Basfc Data 

69 Clark, J. A. England Wf nter c 1t 1111t 1 c changes l Britain Instr. (tetnpe,.ature), 
paleontology, history 

72 Co11nvauJt, P. A. Ohio State Unh. T.-perature change late glacial to St. 'Li'lrtnce Ill., Po11tn-lacrust1nt 
present Alaska core 

74 Cono l.ly, .J • R. Sydn~ IA'11v. Temperature trends 6000-17,000 B.P. tndf an Ocean of Planktonic fora• 
s.w. Austra11a 

394 Conover, J. H. A.F.C.R.L. r...,erature tl"'ndS 1820-1960 A. D. N.t:. Untted States Ins tl". 

75 Coope, G. lt. 81 r~~1nghall \A'Ih. Climate Sangamon to post• 
glacial 

Br1ta1n: 'Scandinavia Insect asseft)lages 

395 Chu, P. H. Nankf ng l)th. Afr c11'CU1atfon 1873-1960 A.D. Far East; lt.W. 
Pac1f1c 

R.egfonal wjnd fndfces 

81 Cushfng, E. J. Unh. of Mtnn. Climate dhanqes S 
(temperature ? 

10,000·15,000 C14 
yrs B.P. 

Minnesota Pollen str•t 1 graphy 

396 Duliean, &. ? lta11"1fa1l 1888-1960 8elgfan Congo; Inttr, and lakt > 
I 

Afr,1ca ltvtls ~ 

12A Da110n, P. E. Unfv. of Arfzona Atmspher1 c C14 
var1at1on 

0-6000 B.P. Dated tree r1nvs 

83 O._,n, P. E. Un1v. of Al"1zona Cll\ and cl1•te Chr-istian era Tree rfngs~ varves; 
(revfew) C14 

as Dansgaard, w. ~h. of Copenhagen 'Teq,erature changes 0·100,000 yrs B.P. G,...nland Ice COrt/OJI,)'qtn 
isotopes 

14A Dansgaard, w. Un1 v. of Copenhagen T~el"ature changes 0-100.000 yrs B.P. Greenland · (CJl obal lee core/oxygen 
correlatfon) isotopes• dat1ng 

by 1 ce-f1 ow 1110del 

15A Oansgaard. w. Un1v. of Copenhagen Questf.ons Em111ant 's 
paleott~~perature 

0·425.000 yrs B.P. Atlantic and 
Cal"fbbean Sta 

Factors affecting 
oxygen isotope 

c:oru l"ltfos fn 
foraminifera 

. 89 Davis, M. 8 • U'lfv. Of 1111 c:h. C11 •tt/vegetat ion Plttstocene and N.E. United Statts Phytogeography/ 
zones · later palynology 



-- -------

TABLE A·l. (Continued) 

ltftrtnceJr~ Fac111\Y Descrlptoi"S T1• Frue ANI Technique/Baste Data 

90 Dn1s, M. B. untv. of Mich. C11 .. te/vegttat1on zones 10,000·12,000 B.P. N.E. United Statts/ Pollen assemblages 
Great Lakes 
region 

91 Davfs, M. B. l)tfv. of M1 dl. Climate 0-12,000 B.P. tonn~ct 1 cut Pollen 

92 . Dlv1~, II. E. England S~r weathtr/tlq)tl'l· 
ture · 

1~·1961 N.W. Europe. and 
England 

Indices (tnstr. ?) 

94 Dettw11er, J. France C111111tt dlanpes 1650·1950 A.D. ? lnstr./hhtory 

16A Devereux, I. ICew Zealand Temperature curves Eocene to PH ocene New Zealand O~gen isotope/fora. 
end polyzoe 

• 18()/1 fio and 1 nftrred 16A-1 Devereux, 1. ICew Zealand Pliocene-early North Is land, 600-meter sedi~~~tnt 
sea temperatul"' Pleistocene ICew Zealand sect1on; 0~9111 

1 sotopes/f'o rana. 
1nfftra, species 
counts and sinistral 
co111ng; no dating > (set Kennett. J . P.) I 

VI 

95 D1 ghtlllln, R. A. u.s.w.a. Temperature and 
prec:i p1 tat1 on 

c. 17ml-1965 A.D. Montana and 
C-onnect 1 cut 

lnstr. 

96 01n1es. E. w. Gemany Stvert w1ntei"S - air 1870-1965 A.D. Central Europe Instr. and solar 
pressure and processes 
c1 rculatton 

97 Oolgoshov, v. 1. U.S.S.R. Phenology and c11 .. te 1906-1915; 1931- R.S.F.S.R. Instr.7 
variations 1940 A.D. 

100 Donabu•, J. G. 1...,nt 6eo 1 • Obs • C11~tt1c fluctuations u. P1e1st. to S. Pacific Ocean D1ato• fn 10 sea 
recent cores 

397 Dort, W., Jr. Un1v. of Kansas Cave ttll'4)erature late W1scons1n ? Idaho (cave) L 111e1 tone/thermo· 
1 um1 nes cence 

17A Duplessy, .l. c. c.N.R.s .• France Ttml)trature (quesUons Quattmary At1ant1c Ocean/ Sea core/oxy9en 
E11111an1 wort) Charcot Seamount 1 sotope/fora-

11inifera (questions 
paleotemperature 
results) 



TABLE A-1. (Continued) 

Reftrenca/NIIII Fac111~ Dtscr1pto" T1• Fr .. Arq T~n1que/lu1c !>at• 

106 Ouplessy, J. c. C.N.R.S., France Temperature var1at1ons 1~,000-90,000 B.P. France ( CIYI) Uran1ua dating; o~gen 
isotopes 

398 Droga1Uev, O. A. U.S.S.R. Mean air t~~~perature 1940-1957 A.O. 21 regions Instr. 
(Z8 Januaries) U.S.S.R. 

399 Oztrdzeevsk11, Y. L. Inst. of &log., 
U.S.S.R. 

Afr t~trature, 
c1rculat1on, prec1p1-
tation,pressure 

1899·1955 A.D. N. Hemisphere lnstr. (forecastfn~ 
object 1 vts) 

107 Dzerdzeevsk11, Y. L. Ins t. of Geog., Ah·· c1rculat1on 7 
U.S.S.R. 

1900-present A.O. 7 (Forecasts ~dt as 
early as 1952) 

18A Ellflfani, C. 1))1v. of Oltcago T~rature vs depth .o-300 .ooo a.P. North and Central 12 deep sea cores/ 
fi"'OIJ top of cores; Atlantic; £. forUifnifera/ 
generalbed cv.rve Central Pac1f1c; 0~9en 1 sot opes 
of temperature vs Caribbean (global (dates by sed1~ta-

, yrs B.P. correlations) t1on rate.s with Cl4, 
fonium, and uranium 
dating c:.ontrol): > corre 1 at ton w1 th I 
European and ft. 01 

American qlac1al 
stages/strat1grap~ 

19~ [Jir111an1, C. Unfv. of M1 1111 T~~~perature ( '" above) E~nds 0·300,000 B.P. Clrlbbean 2 deep sea cortt/ 
curve (see above) to ne above+ 
375.000 B.P . dfrectton of co11-

fng·, specfes r•tios 
correlation (C14 • 
and Pa/Th dltfng 
control) • 

20A E.tlhnf, c. Unfv. of M1 urf Tt..,.ratun Extends 0-375,000 B.P. Caribbean 2 deep sea cores 
curve (.see above) to (see above) 
425,000 B.P. ' 

22A-1 Eafliani, c. Unh. of ttitlli 11ot16o and 13ct12c 
of 27-Nttr section 

Plfooant-Pltfstoeene. s. Iuly Oll)'gen and carbon 
isotopes of 63 
sllllples 



Fac111t;y 

22A-2 Elrt11an1. c. 

400 Eld11an1. C. l)!hr. of Mi-.1 

23A Epstein, £. C.l . T. 

24A Epstein, E. . c.t.T. 

25A Er1cson, o. a. 

110 Er1cson, D. 1. L..ant Geol. Obs. 

TABLE A•1. (Continued) 

Detcnptors 

Generalized t~ratul't. 
curves 

T~~J~ptrature 

snw andl f1m 1fo/ 
'00 variations vs 
depth 

18oJ16o 

TIIIPtraturt dlan!lf' 
(qua11tat1ve) vs tf• 
and depth f~ top of 
com 

f.-perature chan91 ? 
(qua11Ut1ve) 

T1• Fr ... 

o-uo.ooo a.P:: 

0•175,000 B.P. 

Q-100,000 I.P. 

0·1.5 • to' yrs 
I.P. 

Area Ttchn1que{8as1c Data 

C.r1bbean-equ-;tor1a1 Sea cores and 
Atlantic. N. speleothems ; C14 
Atlantic, Mtdft. and Th/Pa dating; 
cores; New Z•ahnd o~gen isotopes 
and France speleothems 

See lbove Rev1ew of 1sotope 
tecflnfques to eon
ff m Pl"tY1 OUS 
rtsults 

Gl"eenland; Antartfca Oxygen fsotopes 

Antarct 1 c (Byrd 
Station) 

C.r1bbean and 
Atlantic Ocean 
2:J-N to 29•s 

C.r1bbean and 
Athntt c Ocean 
tJ•ft to 29•s; 9 
of to sea cores 
s... as 25A above 

l ce QO r-./oll,)'gen 
isotopes ; age 
computed from fee
flow model 

.2.6 deep-sea cores/ 
forallffnffera
specie.s covnu. 
dfrtctfon of co11-
1ng; datfng - C14, 
Pt/1on1um, and Pa 
control and 
sed1~tat1on rates 
(correlation with 
Eurol)ean and N. 
American g1acfal/ 
1nterglacfa1 stages) 

10 Sta QOI"tS/ 
foramfn1fera-co,11ng 
dfrect1on, ratfo of 
species nUIIlbers to 
weight of 74 •fe~ 
tter fraction ; Cl4 
and othe~ radio
isotope dating ~ mag· 
nettc pohrfut1on of 
eores and correlation 
of foram e11-at• 
zones, glacial staqt$ 
\!11th datfng by mag
net1c field rever1al 
tllronology; redef1nu 
P11oeene~P1e1stocent 
boundary 

> 
I ...... 



TABLE A-1. (Continued) 

Reference/lfUJe Fac111fl1 De.s cr1 pto rs 111111 Frllllt Art a Ttchn1que/Bastc Data 

111 Ericson, D. a. La..,nt 6eo 1 • Obs. Pleistocene ct1111te PleistOcene At'lantt c and Sea cores/ 
Pact ftc: Oceans forUI1 n1 fera 

116 FOIIina, T. Y. U.S.S.R. Atr t~et"aturel- c. 1910·1960 A.D. Sea of Azov Instr. 
abnomal winters 

118 Frank, A. H. [. Unh • of Alas tel"d. iiU,.. ct1111tt wu,.. Central Italy Pollen stratigraphy 
Late of Vtco 

119 Frenzel, '8. 8ot. Inst., 
11. Gt 1"111 ny 

Clilll!lte cflange Atlantic/tub· .N. Hur1sphert Palynology 
boNal (c:on~pilatton 7). 

403 Frenzel , a. C11Nte variations Pleistocene Global Revt ew and co~~pila• 
tton 

120 F'ri tts. H. e. Unh. of Ar1z. Cltnte dtange/ 
dendroclimatology 

1500·1940 A.D. Arizona, Colorado Dendrochronology 

121 Fritts, H. C. Unh. of Ariz. Clf111te change/ 1500-1940 A.D. 7 Western N. America Dendrochronology 
dendroclimatology (Arizona, > Colorado 7) I 

CD 

lZZ Fritts, H. e. Unfv. of Arfz. C11Ntl change/ 
dendroclfmatology 

1860-1962 A.D. 11. Ar1zona Dendrochronology 

123- F'rttts, H. e. 
125 

Unh. of Ariz. Dendrodl rono 1 oqy Review and analysts of 
technique 

126- Frod1gh, R. J. u. s. """'' M111ta~ 1~11cattons of Presen1t 11. England Ttme-lapse photography 
127 natfc:k environmental change landscapes 

129- Fukui, E. Japan 'l 
130 

Secular 110vernent of E. Alta and KOppen c1ass1ffcat1on 
Cl fNte aNIS N. Pac:ff1c 

128 Frolov. v. U.S.S.R. C11Ntfc ccnponents of 2DO 
and 400 yn 

f •· Mlr1c:a De"droclfMBtology 

132 Gallllr!J\1, A. G. Argentina Temperature/evaporation H1stor1ea1 Patagonia Instr./p1uv10111etrtc/ 
tmperature 

13' Gedeonov, ·A. 0. Mtfn Geoph. Obs •• C11Mate fluc:tuatfons/ 1881·1967 A.D. N. Haisphere II'Str • 
U.S.S.R. .,.,thly •an te..peraturt 

for January 



TABLE A-1. (Continued) 

Reference/If .. FaC'IUtJ Oeacr1ptors Tf• Fr- Area Ttdlnique/lu1 c Data 

404 G1ov1netto, M. 8. U.C. - Btrttllt)' Contains diU on sea-
, ••• , dllll!ll 

Lut 100 11'1 

U8 Goldthwa1t, A. P. Ohio State ~h. CHute var1at1ons 7800 B.C. and later Alasta G1acfologytcont1ntotal 
31ac1ers; s~ Cl4 
atiii!J 

142 6r1dluk, Y. P. Inst. of &tog. , Clf•te AC:Oftltruct1on/ 5500 B.P. I. Hell1 sphere 20 paleobotany profflts 
U.S.S.R. ·precipitation, t..,era- wfth Cl4 dating 

ture 

145 Griirlttgtn, K. "· Gerwll~ 1 C11 .. te fluctuations and At tntervtls ' fro• Btg1nn1ng of fnstr. 
forecasting, te.pera- present to late to present; 110del 
ture aiMS prec1p1tet1on glacial applftd up to 

365,000 S.C. aiMS 
to lc.t A91 beginning 

151 Herrts, c. ~tv. of Ltfcater TIII!Pir&ture and 1860 end llttr "· Hahp"•re IMtr. 
precipitation sut1ons 

152 Niude. Ill. " . Gerwn;r 1 Dead St1 water baltnce 1800 lad later Jerusal•, Dtad lnstr. and Mstor1cal > 
I 

and precfpftation Sea \0 

153 Hila, I. Inst. ,..r. Ilea., C11ut1c par1od1c1tfes 1866-1165 A.D. 1. Europa 100 11'1 of data 
F'1nland 

154 ~.C. M. New Zealand T~~~Ptrature ? lut glacial crete lfew Zealand O~gen 1sotopes of 
calcite deposited 
on speleothtl'll 

155 Heusser, c . .J. Alt. Slog. Soc. CH•tt Pltfstocent Wuh. Stttt PalyN 1 OQ1 w1 tit C14 
dating 

156- Htusu·r, c • .J, Alt. &tog. Soc. Cl 1•te aiMS tflllperttu" Ple1stoceftt 1M W. urtft.d States, Comp1lat1on f~ 
157 trendl later Pac1ffc IID~st, · botanf cal and 

CJI11t glaef al studf" 

406 Hlavac, Y. Czedloslovalr.1a TeMperatur.t.antltly, 
annual 5- aiMS 10-ytar 

1771-1965 Prague HDIIDVtneous telllpll'l• 
ture ter1es 

•an• 

liZ Hosking, K • .J. England TIIIPiratu", precf pf tat1 on, 1918-1968 A.D. Isle of Virt Instr. 
IUrtlllfnt (S. E11g. 



Rlftrtnct/N ... Fac111t;J 

407 Hoyanagi, M. Tokyo Met. Un1v. 

16-t Hlbtr, B. Ge.,..ny 

165 Hugh~, G. H. England 

408 Hupf'tr, P. Knl Mint Unh. 

166 Iakovleva, N. J. Mdn Geoph. Obs., 
U.S.S.R. 

29A Johnsen, $. J. Unfv. of Copenhagen 

175 Ju11tn, P. R. N.C.A.R. 

412 Ken, IC. II. G'e,,..f\Y ? 

30A Keftll, "· L. Penn. State Un1Y. 

Unfv. of Rh. lsl. 

TABLE A·l. (COntinued) 

Descriptors 

Sll!llllry of climate 
research fn Japan 

Ptr1od1 ci t.Y of tree· 
rfng w1dtbs 

Poulter's 1ndexttempera· 
ture, precipitation/ 
SllftShi nt 

0~ of fct, air and 
sea tewperature 

Mean annual fee state, 
·water t~erature 
tn~lits/periodic1t;r 

Clfmatfc osc111at1ons/ 
spectral analysis 

Trft·r1ng chronologies 

Tetnptrature fluctuations/ 
Jan. and July ... ns 

18ot15o 

lllotl~ and fnfe'""d 
teft1)trature 

1300·? A.D. and 
later 

Summers 1902-1966 

Intervals 1903-
1963 A.D • . 

1890's A.D. and 
lattr 

1200-ZOOO A.D";~. 

? 

1781·1810 A.D.; 
1735·1964 A. D. 

Present 

Centrtl Europe ? 

Manchester, Eng. 

Baltic Sea 

Barents Sea and 
N. Atlantic 

Grtenland 

Colorado 

Hohtnspe1sstnberg 

Near-sho-re Gulf 
Coast !lllrginal 
environ~~~~n ts 

1.61·3.32 x 106 yrs North Is1., New 
B.,. (Pliocene/ Zealand 
Plt1st.) (Paleo-
magnetic chronology) • 

Techn1que/81sic Data 

Dendroc:hronol~ 

Instr. 

Instr. 

Obstrv. and fnstr. ? 
(references to 
u.s. data) 

Ice core/oxygen 
1 so topes ; 1 ct· 
flow model for 
datfng 

Trtt rings and 
Weather Bu.rtau data 

Instr. ? 

O~gen isotopes/ 
110dt.rn mollusk 
shells; concludes 
cannot bt used ~or 
paleotenperature 
in urginal 1111rine 
environments 

Oxygen' isotopes and 
abundance of toram; 
megnetfc-fleld poltrity 
dat1ng and correlation 
(180!160 and micro
fossil dau fro111 work 
of Devereux, et al.); 
Plio-Pleistocene 
boundary defined; 
ptleomagnetfc da.ttng 
from 3 cores at each 
of 61 sites -·- .. . 



TABU: A-1. (Continued) 

Reference/Millie Fae111t;y Oescr1pto" Tf• Frt• Area Techn1que/Basfc Data 

414 J(oneck, It CzKhoslovakfl T~erature/cl~te 1851-196$ A.o. Bratislava Instr. 
f1 uctuatfons 

185 J(osm1 nskf 1 , V. v. u.s.s.R. Cli1111te reconstruction/ Pa.teoeent and Kazakhstan and L1 t.hochecn1 cal , 
afr masses/pressure Meocent Central Ash mineralogical, 
NPS pal!ontologteal 

186 KoSsowska, u. Warsaw Unh. Meteorologfc:al el..,.nts 17th centuey A.D. Warsw Continuous observa• 
and later tfons fn WarSiw 

since 1825. 

1~ ICostfn, S. I. U.S.S.R. Clfmttfc fluctuations/ 
hUIIfdfty variations/? 

0-4000 yrs a·.P. Lake s11t deposits/ 
hhtorlcalfinstr. 7 
correlation with 
pollen. hydrological, 
!Jlacfologfca1 

194 Ku. T. la.ont &eo1. Obs. C11Nte chronology/WaT'II 0-320,000 Caribbean Sea coret230Th datfng 
and cold periods (one of sa1111 cores 

used by Er1 cson, tt > 
11.. for for..,... I 

inifera stud1ts of 
climate ancS 
sedimentation rates)t 
conffrrs sediment&• 
tfon rates 

196 Lab~r1e, J. France Wan~~~ and colc1 perfods 6500 yrs B.P • . Cave fn Fl"ance o~~·n isotopes/ 
. and later s talag~:~1te; C14 

dating; C14 content 
of atl:losphere; 
growth of sta laglllft.e 

198- lui,), H. H. f'11t. Oft. Probably the best sfnglt source for clf111t.e reconstruction and 1dentfftcatfon of data sources 
210 England for historical t1111es and early instrumental observations; part1c:ularly strong for W. Europe; 
and ,..fers to l'lanley':s writ on .,nthly •an te~eratul"e fro~~ thefWIIIeter observations 1n lowlands 
•HI. of central England fi"'Ot 1680; charu of gener:al patterns fn large areas o1 N. Hemfsphere for 
•n July 6500, 4000, 2000. and 500 B.C.: average •.s .l. p,..ssure Jan. and July 1830-1839, and Jan. 

1790-1829; deca6e values of indices of SUI!IIIer wetness/dryness and winter m11 dness/sever1 ty fr011 
1100 to 1950' s A.o. at 3 European longitudes (()4. 12•, Js•E); sea surfa«!e tt~~~Perature devtatfons 
(M. and S. Athntte} 1780-1820 fro~~ 1887-1899, 1921·1938 (Rennell's 1780·1820 values) 

212 l.andsbel"9. H. E. Unh. ot Reconstruction of 1738 A.D.· E. United States/ Reccrdsi synthetic 
He ryland elf matt present J!h11ade 1 ph ia series constructed 

for 'Ph11adelph1a 



TABLE A-1. (Continued) 

Reference/Name Facility Descr1ptor1o Tf1111 frUit Area Technique/Basic Data 

418 Lantwtt, C. C •• Jr. U.S. t . R.R.E.L. C11•t• thanges Back to 934 A.D. Greenland Ice-core stra·ttgraphy 
at least oxygen isotopes 

.19 LIWT'tnee, E. N. Met. Off. TetnPerat.ure dlang.e 
England 

1920-1968 A.D. London. S.E. Instr. 
England 

420 L•, &. Un1v. of' W1sc. Climate changes 900-1400 A.D. Iowa fresh-water clams/ca. 
Mg, Sr content 
(feas1bil1~ stu~) 

21$ Lenke. w. Deutsch. Wttt. Historical c11Mitt End of' 16th a.nd Aus tr1a. Sweden • Observations of l)'ctlo 
bl91 nn1ng of Netherlands de Brahe 
17th century A.D. 

421 leRoy. L. E. France H1stor1ca1 cl1~tes 1000 A.D. and later ft. He~~1sphere Indirect ~thods: 
climatic data fo,. 
990-1200 A.D. and 
1490-1700 A.D. 
surwnar1zed 1n 
folded chart > 

I 

422 L fdz. L. · Unfv. of M1111ftf Te.perature ose111a- Pleistocene ? Car1bbean foram1nffera1 N 

'tfons abundances 1n sta 
core 

424 Ludl111, O. M. u.s. ' H1stor1e:a1 wtrrten 1604-1820 A.D. £, and IC.W. Said to be an 
Ur11ted Stites exhaustiVe seardl Of 

chronfcles, n.ws-
papers. Nnus cr1 pts. 
etc.; results of 15 
yean of uarchfng 
libraries and 
archhes 

425 Mack-.y. J. R. ~1'1. of Brit. ~1. C11aat1c changes Postglacial JUckenzft Dtlta, Pollen froll peat 
Can. deposits and their 

1nd1rect methods; 
C14 eontJ"O 1 of 
dating pollen results 

426 Mart1nov, M. Bulgarh. ? Tenperature and 1900-1966 A.o. Bulgaria lnstr. 
prec1p1tat1on (Jan .• Feb •• 

and "ar.) 



llferena/N ... 

429 M11ankOV1 tch • M. 

236-
241 Mftdlell, J. M. 

24Z Mftch'all, v. L. 

247 fitura tova. M. v. 
253 fie us 'tldt, M. I. 

255. Nichols, H. 
433 

434 Olausson, E. 

• 272 Panov, D. G. 

279 · Ptnn1, M. • 

440 Polozova, L. G. 

285 R1•• A. 

T~L£ A·l. (Cont1nu~) 

Fac11tt;J Art a 

Translation of M1lankovt1ch's 1941 won titled CGrt.cm of .nwo~ Gild tJw 1~ ~· Pztobz.., 

u.s.w.a. ind 
E.S.S.A. 
(N.D.A.A.) 

Untv. of Wise. 

U.S.S.R. 

lnst. of Gtog •• 
U.S.S.R. 

Unh. of Whe. 

Oc. Inst. Sw~tdtn 

U.S.S.R. 

Czechoslovakia 1 

Italy 7 

U.S.$. R. 

Italy ! 

Papers on stodlasUc: IIOdelS. theoretical paleoe111111tology, cl1111tfe per1od1e1ttes, etc. 

Oendroc:lf .. tology Central Cantda Tree-rfng index 
series and factor 
analysts 

Contains dati on allowable ttMperature intervals for tree species fn palynological analysts 

Holocene 

Wa"" and cool phases 
(and paleote.pera• 
turn 7) 

~fr1c•1 equ1t1on for 
paleotqp~rature.s; 
~er1 ture 1111ps and 
c~o1sotherms for 
Jan. and July 

Clf~t1c fluctuations 

Histone c.11Nte dl1nges 

Temper1ture tren4s 

Ptr1 odf e1 t.)' ot ~t nttr 
cl1raatt 

. 12,000 8.P. and 
later 

6000 B.P. 1nd 
later 

Plets tocent and 
later 1 

Last tllc1a1 age 

16th &nd 17th 
centuries A.D. 

0-7000 B.P. 

1901-1940 A.D. 

1215·1916 A.D • . 

European U.S.S.R • 

ICHWatfn and 
Man t toba , Caftlda 

North and Central 
Atlantic; Mtdft.; 
N. Anl.-w . Europ. 
Basin 

Europa 

8ohell1a, 
Czedlos lovatta 

! 

7 

V. Europe 

Peat-bog stratigraphy 
and C14 dating 

Macrofoss 11 and 
palynology tvfdtnce 
from peat; ca 
dating 

Sea COrei/OJU"gtn 
fsotopes/ 
foratnfnf 'ftra 

1 

Entries 1n old eft.)' 
cllronfclts 

lnstr., h1stor1c;. 
botanical, etc . 

tnstr. ! 

tnstr. and' h1stortcal 
(based on c. Easton's 
series of ~tnttrs) 

> 
I 

VI 



TABLE A•1. (Continued) 

Rtference/Nule Fac111t;y Descriptors Ti111 Frue Area Technique/Basic Data 

287 Rodewald, M. w. 6el"'!!lny 1 Teqltrature deviations 1875·1950 w. Greenland Irtstr. (data fro• 
H. Rudolf's work on 
climate 1n Europe 
s1nct beginning of 
instrumental 
observation 1n 
1670) 

290 Rudakov. V. E. U.S.S.R. Dendrocliaatology/ 14th Clntu'Y A.D. Central Asfa and Mlthel!latical ~~ethods 
ar1d1~/precfp1tat1on and later polar Urals for obta1nfng 

qua11tat1ve 
meteorological 
conditions and 
quantitative values 
of precipitation; 
hfstory o·f dendro-
chronology 1n 
U.S.S.R. 

444 Ruge, u. II. &trwny7 literature survey of 
cliiMtt changes 

17th centur.r A.D. Global Instr. 7 > 
and later I .. 

445 Saltttl, • ? Precipitation 19th afld 20 lsrael Instr. 1 
centuries A. D. 

446 Savina, S. S. U.S.S.R. Rad1at1on balance and 1906-1915; 1931· w. Siberia' lnstr. 
precipitation 1940 A. D. Eur •• U.S.S.R. 

298 Schorringa, M. Netherhnds 1 Te~rature and c. 1650-1960 A.D. Netherlands Instr. and 
prec1 pi tat1on h1stor1cal 1 

299 Schorringa, M. Netherlands 7 Temperature and 1868·1968 A.D. De 811t. lnstr. 
prec1p1 tat ion Netherlands 

300, 
No apparent cennectton 301 Sc:hOnwfese, D. C. Muntch Power spectra of t Gemaey 

temperature, prt· with tree-r1ng 
e1p1tat1on and spectra 
pressure/cl1at1e 
period 

447 Sdlove, 0. J. England Baro~~~etrtc ano~~~a11es 1196 A.D. and Indhn Oc. area Jnstr. correlations 
later stations wfth IHlt data, Java 

trte rfngs 



TABLE A-1. (Continued) 

Reference/Pt.• rac1litr Descriptors Tf• Fr.,.. Area Tt~nfqve!Basfc Data 

448 Sctt.tarzbadt. Ill. Unh. of Co1()9M Book on pa1eoc11•tes 
and paleoc11 .. to1~ ' Conta1 ns IIIPI I cherts. 

records 1 etc. (not 
d.scribtd in 
abstrect) 

3)5 servfn, s. Ya. U.S.S.R. Mlthll'llltica1 10del of N11111ri Cl 1 m 111 ts 
cli.ate processes/lon~ 
tenn fntenals 

307 Sergin, V. Yl. U.S.S.R. Qybernet1c the~ applied CO~uter results on 
to systn •• 1

1 f uchetions 
surface-atmosph. 

309. Shackleton, N. ~ridge ~i •• Questions lfdzilo~~- Habftet of for111-
43A tetllperatul"''/ I fn1fera 11111 be 

results with foru1n1ftl'l water-dtnsfty 
dependent (water 
fft glacfal fc:e) 
rather than 
tl~trltUI'I > 
dependent I . -

451 Sfftitsyn; V. M. u.s.s ••• Clf .. tfc •aps/1sotherns; 
prtcfpftat1on and 

Paleogene and 
Neogene 

Eurufl Jndfrect NthOdl 
U'l 

t~~~Ptreture 

314 Skarz;ynska, l. Poland Alconstructfon of 2500 ! I.P. and Poland Pollen, vegetatfo~ 
prtcfpftatfon.runoff, later and other f ndf I"''C't 
and evaporatfon llleti\Odl 

315 Slllfth. C. 6. Engla11d Wfnter ~trature 1816·1968 A. D. Oxford,· England . Jnstr. 

317 Slllith • L. P. Eng11nd Tta~P~reture and 100 s•ple yrs Brttafn Instr. 
pl'lcfpftatfon 

454 Stauewsk~, J. Poland Isothel'lll llllP 1853 A.D. 61oba1 lnstr. (consfdtratfon 
of R. Wfszniewskf's 
IIIIP dated 1853) 

455 Stthlf, F. &. "· Rat . Unh. Technfque for ancient Quadric surface fi tttcl 
ocean cul"'l'lftt syst" to for .. inffera data 

455 Stud'llfk, F. Poland! Fortcastfng basteS on States Prague has 
tong period llellure- obsen. for 
..,ts 200 )'rl 



Reftrenee/N ... 

457 Stuiver, M. 

4.5A Suess, K. E. 

326 Suess, H. £. 

321 Sukan, a. 

336 ThOIIIS • M. lt. 

339 Troshkfna. E. E. 

461 Yalnictk, 8. 

345 Van Andel, T. 

346 Van Dan Htuvel , E. 

355 Wahl, E. W. 

36Z Whitehead, 0. R. 

' 363 Whitehead, D. R. 

Fac1liQ' 

Yale Unfv. 

u.e. - san Dfeto 

u.c. - San Dfego 

Istanbul 

Canada 

Moscow State 
ll'!fv. 

Cztchoslovakfa 

Serfpps 

Netherlands 7 

Unfv. of Wile. 

Unfv. of Incf. 

Wil11a• Coll., 
Mass. 

TABLE A-1. (Continuecl) 

Descriptors 

At-. C14 variations 
and extent 

•ca11brat1on" of C14 
thlt seale: C14 
variations in 
atiiiOSphert 

C14 and eli•ate 
correlation 

Tf!IIS)erature and 
precf pf tat1 on 

T'eq,erature and 
precipitation 

Teq,erature and 
· p"cfpftation 

V1nter ttft1)eratul"' 

Clf1111tes 

Sea t~q~erature 
nr11t1on 

TiN FriM 

o-to.ooo yrs a.P. 

0-2000 B.P. 

8000 B.P. and 
later 

1912-1960 A.D. 

Past century 

c. 1850 A.D. -
1965 

200 yn of ~~easul'.'l
•nts 

Quaternary 

300.000 B.P. and 
later 

Area 

Cokes 1n Conn. 
Afr1tl, and 
FoniOSa 

Istanbul 

Canadian praf des 

m. Elbrus and 
Caucasus Mts. 

Prague 

Tfmo'l' Sea, fUI. 
Australia 

7 

C11Nti c data 1830's and 1840's A.D. E. United States 

C11Ntt and 
vegetation zones 

C11ute and 
vegetation zones 

P1e1stocent 

Pl t1.stoc:..ene 

S.E. United 
Statn 

ll'lglaciated 
Eutern N. 
..,_ritl 

Ttchnique/9asie Data 

Sedfmentatfo~ rates 
dated by C14 wfth 
tree-rfng corrections 

C14 content of dated 
tree rings; emoirfca1 
relationship C14 aga 
and true age 

Instr. 

Instr. 

Instr. 

Instr. 

Sedi.ent facies and 
C14 dating 

Ell11fan1 methods 
(forUiinifera 
abundance and 
o~gen isotopes ?)a 
graph showing sea 
ttmperature 
varhtions 

~ar1son w1th 
current nomals 

Vegetatfon and C14 
dating 

Palynology and 
phytogeography 

> 
I 

01 



TABLE A•l. (Continued) 

Raft""c:e/N- Fac111t;y Ducr1pton T1• Frpe A ... a Techn1que/Bas1c Data 

468 W111tt, H. C. M.I. T. C111Mte c;yc.les , Western Plains, Cl1~at1c records 
ft. A«<er1 ca 

365 W11son, A. T. New Zealand Cl1111te change 1200 yrs ago Lake Yanda, Profiles of current 
Anta I"Ct1 ca t~t,.ature and 

sal1n1~; diffusion 
equations (w1 th 
assumptions) U'Jtd 
to date change 

366 W1senan, ~. D. H. lr1t. Museu- Sa taperature 
yarfat1ons (quaUt.) 

u. Plt1st. and Tropical Atllntfc Sea COI"t/foralll-
lattr fnffera./ox,ygen 

1sotopes/CaC03 
sedimentation 
rates (questions 
Em1l1enf's results) 

469 Wood, J. D. Scotland ., C11aate analysis 181'-1816 A.D. Dl.ll'fr1essh1rt, Meteorolov1cal records 
Scotland 

> 
369 Ya...,..,to. T. Japan Climatic var1at1ons. 200 yrs of records N. Hp1sphtrt; 200 yrr of records 

I . 

circulation patterns, Far Eut 
..., 

runspou 

4n Ztrdl1, M. Gtl"'lllf1Y Winter t.-perature 1849 A.D. - present Instr. 



TABLE A-2. EXMPLES OF INFORMATION at PAST CLIMATES (BY AW) 

Adr1et1c Sea As1a (Cont 'd.) Atlantic Ocean (Cont'd.) Caribbean Sea (Cont'd.) Eu1"0pt ( Cont 'd.) 
68) !WU,.. "2) ,.,.., 1101 ~ld-Atl. 19A) 0-3751< B.P, 691 Brlteln 

!ltiOO 0-2M B.P. 
2DA) D-4~K B.P. 'P 

A'r1CI IS!U Oln. Mil Til) Plelst. 
~A) 0-l.:sMB.P, 75) Bl"lteln 

62) SliM,.. Peleac •• Neoc. 166) N, At 1, !~•lli•IIICin 
5-2K B.C. 185) ICIIzekh • !la;Q IIOAI 0·2M B.P. 

751 ScandiMvle 

396) &elg. Congo Pateoc •• ~. 2001 !,1780 1194) Q-320K B.P. !,SIIIISIBIIM'\ 
1888-1960 1991 Q-IOOK B.P. 434) N, Atl. 422) Plelst. 7 14A) Ne111.,- I • 

4") A leke 290) Oln • .-.le !Pielet. G-80K B.P. 

O·IOK 8,P, !1400 434) O.n, At I • Eur'ope 921 N,V, bl"', 

4451 I.,.., !Pielst, 4) MaiCDW 1880-1961 
Antarctica 1800's-1960 1s 04) v. Eur. 19,4-196, 92) E"llllnd 

24A) BynS 446) ll. Siberie Bllsln 9) R.S.F.S.R, Ul70-1961 
0-IOOK B.P, 1906-1915. !Pielet. Aec:wnt 7 96) C.n. Eur. 

)155) L.eke Vende 1931-19«1 3156 I Tn~p 1 ca I 375] R end H 1870-1965 

•1750 447) I ndlen Oc. !U. Pleltt. 17l Fr8nc:e 7 97) R.S .I' ,S .R, 
Arwe Quet. 1906-1915; 

~ 
•17M Australia 1931-1940 

32) E. U.S.S.R. > 
I) ChiM 451) Peleog., 3751 Sydney Plelst. 11061 Fra11ce I 

0-2000 B.P, Neog. R end H I ::I>-70K B,P, 
CD 

4 ,, F'o ...... l6) S. Eui"./Mid, 
"8) u.s.s.R. 7) Jepen 

D-IOK B.P. 
2,.zeK 8.P. 

19~-1967 7-1.0 c:el!t. ClMda 
l7l U.S.S.R. 

3731 111"1111 327) Istanbul 401 s. w. Yukon "-leaz • -<» rtOZ , ZZA-21 Italy 

•19~ 1912-1960 Q-IOK B.P. Pllo,-Pielat. 

]69) Far East 
381) U.S.S.R. boundery 

::1()) ,., •• tl.,. 4ZA-11 s. w. Yukon Olnoz. 
7-3K B.C. 200 yra of D-31K B.P. 116> AzrN Sea, 

I'KIOrQ 384) Lal\l ngr-. u.s.s.R, 
l2l V, U.S.S.R. 425) Mldt. O.lte 1100-19e0 191o-1960 

PleiU, 
Athnt1 c Ocean 

~lac. ]9) U.S.s.R. 118) Italy 
37) U.S.S.R. 

43) !150K B.P. 
~5) Keewe'tl n Gltolog. 7 wur• 

"-leoz. -oe noz • !6000 a.P. 46) Ukl"elne l"l N. Eur. 
383> u.s.s.R. J~) 0~50K B.P. 255) Manltobe 0-1~ B.P, 1866-1965 

O.noz. 17A) 'If, [yr, !6QOO B.P. 47) lltl"'ll,. 406) Preg~~e 
,, U.S.S.R. Belin 3315) > 11!150 7 1771-1~65 

Geolqa. 1 Qu.t. 
390) Kiev, U.S.S.R. 162) S. Eng. 

386) s.w. Alhi I &\ l N. llftd Olft. cart bbean Sea 1921-1964 1918-1968 
!,2000 B.P. Q-JOOK B.P. 

381) tP II ocene 6]) U.S.S.R. 164) Oln. Eur, 
631 u.s.s,R. 4100) Equetor, 

14A) D-IOOK B,P, !Piellt. ,!1300 0-175K B.P. !.f'lelst. 
15A) 0-4~1C B.P. ,2, Bleck s- 165) Mardi. • Eng. »,, Fer E•t 22A-2> o-r40K e.P. Coat 1902-1966 

1173-1960 ~) Mld•Atl, leA) D-::I>OK 8.P. 1900-1960 408) Baltic AI"M 
0-1.~. B.P~ .. 1903-191! 



TABLE A-2. (f4nt1nued) 

Europe (Cont'd.) ~ (Cont'd.) Eut"OP! (Cont'd.) N. zealand Pactf1c Ocean 
412) Hohen. Gen., 471) Schwerin 299) 0.81 It, 16A) Eoc.-PIIo. ,, Ner-g. N,E, 

1810-1. Olst., 0.1"11. ~ftlerr. 16~1) Plio.- Tertiary 
1955-1964 !1tM9 1858-1968 l.ofer Plellt, 395) N.W. '-c. 

414) Bratislava 200> ~6~ a. c. . 
154) L .. t sareelel 1873-1960 

1851-1965 
203) England ~ ~cle 100> s. Pee. Oc. 

186) Wersew ~1200 .379> o-m e.P. 30A-1) N. IS 1., !U· Plelst, 
>1700 

20A>l Brl tel n 38) Holocene 1.6-3 .~ B.P, leA) E. C.ntral 
1 89) l<an1 II e, ~1!5K B.P. 12Al 0-.6K B.P. 0-300K B. P. 

U.S.S.R. 
205> Englend Jl. Aller1ca 111) Plelst. 0-4K B.P, 

~IOK B.P. 83) !0 A.D. 
389) C.n ./N. 196) Fr.nca 207) C.n. Eur, 403) Plelst. 

!Ill< B.P, s. lmer1ca !6!500 B.P. 1759-1959 !99) 0-IOOK B.P, SA) Otn./N, ro> Pengonla 199·) 0-IOOK B.P, 
208) ~1300 203) !1200 !IlK B.P. !Pialst, 

299-1) S. w, GerM, 
209> Britain 444) !1700 120 Western 132)'Petegonle >875 

~1100 •. ,00-19..0 1 Historical 454) 1853 299-1) N. Swlt& , 210) England 1561 Peclflc N.W, I~) 011 Ia >8')5 
~~680 !Pielst. !Pielat. Greenland > m-<)1) w. Gel'lll, 

157) Pacific H,W, 157) Ollie I 419) S. E. Eng. Records 
1920-1968 85 > Cll111p Cent. >Pielst . !PIIIst, \0 0-IOOK B.P , 451) Pe leog., 215) Austria 14A) C..., C.rrt. 346) >lOOK B.P. Hlog. 
~1650, cl7~ 0-IOOIC 8,P·. 4681 w. Plains 7 .!!:...1:.. 

314) Poland 215) Sweden 375) ern.n. >~ B, P, 29Al 1200-2000 R end H >1650, <17!50 H. Hemisphere .)16) Q,cford, Eng, 
2") Ne'ttlerl, 418) ?,900'• 

399) 1899-1955 20) Nebraske 1816-1968 > 1650, • q-"> 287) W, G!'Mn. 1870-1961 
317) Brite In 426) Bulgeri• 187,-1950 1191 Paat~leclel 4A) MIM, roo yrs of 

1900-1966 134) 1881-1967 1819-1958 recorda Indt an Ocean 
6A) Oregon 25.3l U.S.S.R. 142l 5m B.P. 456) Prague 74) Off s. w. 

1511 !1~ >Pielst. 200 yn1 of 270) BoheMia 
Aultr. 6A) Utah recordt Jol500, <1700 

6-17K a.P. 199) 0-IOOK B.P. 
!Pielst. 45A) Ger111. 272l Lest gleclel 

2001 ~·100 44) E. u.s. 0•2000 B,P, 
2851 w. E""· Mtdtttrrantan Sta · 

208) ! 1300 1830's-1840'a )261 >!000 B.P. 1215- 1916 22A-27 0-13K B.P, 12) St. I.AIWr. Ill •• 421) !1000 339) Ceucetvs 2901 Polar Urels 
434) ~Pielst . 369) 200 yrs of· A luke 1850-196, ~I -400 

records !Wise. 
461) p,.egue A46) u.s.s.R. Mexico 394) N.E. U.S. 200 ·yrs of 1906-1915, 1820-1960 records 19.31-1940 e> 600' s-rm•• 

81) Minn. 4691 O..f. , Scot. 298) Hither!. 10-15K B.P, 1814-1816 17-40-1961 



.!!.:...!:.. ( Cont. d. ) 

89) H. E. U.S. 
!,Plel1t. 

90) N.E. U.S. 
10-12K B.P. 

90) Grt. Lalws Alg. 
10-121( B.P. 

91) Conn. 
o-12K 8,P, 

95) ~ftne 
1780-1965 

95) Conn. 
1780-196~ 

97) Idaho 
LAte WJ1c. 

120) Arizona 
15QP-1940 

120) Colorado 
1 .~0-19.0 

I 22) N. Art zona 
1860-1962 

1381 Alaska 
~7800 a.c. 

ll9l llrltsh, St. 
Plelst. 

156) w .. tern 
!Pie lat. 

157) Mesten~ 
!Pielst, 

175) Colorado 
Records 7 

212> Ptllladel. 
1738-1960'• 

212> E. u.S. 
1738-1960'• 

4201 Iowa 
900-1400 

4241 E. u.s. 
1604-1820 

424) N. W. U.S. 
1604-1821) 

.!!:..h (C:Ont 'd.) 

1 

457) Conn. 
0-IOK B.P. 

OA) W. U.S. 
0-2000 B.P, 

355> E. u.s. 
ISX>'s-1840'1 

l62l S.E. U.S. 
Plelst. 

l63l S.E. U.S. 
Plelst. 

56) Nether! , 
Leeward 
Is lends 
Qua1'. 

408) Baltic s .. 
190)-1963 

166) a. ... nts S.. 
!1890 

345) Thnor S.. 
Quat. 

38.5> O.v ,,...olo. 

42) >150K B.!', 
~tl. Oc. t 

49) Geol. p•t 

94) 1650-1950 

107) J90D-pnase~ 

279> o-71( a.P. 

440) 1901-19.0 

TABL£ A-2. (Continued) 
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